 5,10,15,20-тетракис(4-аминофенил)-порфирина, 5-(4-аминофенил)-10,15,20-трифенилпорфирина, 5,10-бис(4-аминофенил)-15,20-
Синтез и свойства конъюгатов мезо -арилпорфиринов и анионов клозо -декабората 
Introduction
Development of modern technologies is inextricably linked to the alternative energy sources search, including a special role played by energy of sun. [1] Photovoltaics based on inorganic semiconductors (multicrystalline silicon, binary compounds of arsenic, tellurium, selenium, etc.) have a long history and are successfully used in various industries. The main drawback of such systems is their high cost accompanied by many environmental problems. Photovoltaics based on organic dyes are easy to produce and have a relatively low cost, so creating DSSC by Grätzel gave a significant impetus to the search for new effective sensitizers. [2] [3] [4] Significant advances have been made in creating sensitizers based on porphyrins and related compounds. [5] This is due to their unique photophysical properties and resistance to photocatalytic degradation. [6, 7] The search of novel donoracceptor systems containing porphyrin for an effective solar energy conversion is in current interest of many works. [8, 9] The numerous synthetic approaches to the porphyrins functionalization determine their wide application for sensitizers design, and can be considered as a convenient platform upon receipt of the molecular and supramolecular systems of varying complexity.
One of the strategies to increase DSSC efficiency is to extend the absorption spectra of the sensitizer (in order to maximize the overlap with solar spectrum) and its shift to the red region, which can be achieved by increasing the coupling in the system [10, 11] or selection of appropriate donor group. [12] [13] [14] [15] Not less important characteristic of the DCCS is resistance to photochemical degradation. In this regard, the use of such "non-standard" donor functional groups such as closo-decaborate anion is very promising. Firstly, the anion [B 10 H 10 ] 2-bears a double negative charge and can exhibit properties of the donor and, secondly, its high stability and capability to reversible reduction-oxidation should significantly increase the resistance to photochemical degradation as the sensitizer.
Recently we have elaborated the approach to the boron-porphyrin conjugates with long-chain alkoxy-groups synthesis. [16] In this work new donor-acceptor conjugates based on aminoporphyrins and boron cluster [B 10 H 10 ] 2-were received by reaction of nucleophilic addition. In this reaction porphyrin amino group reacts with nitrilium derivative of closo-decaborate anion [2-B 10 H 9 N≡CMe] -. The following amino porphyrins were synthesized and used: 5,10,15,20-tetrakis(4-aminophenyl)porphyrin, [17] 5-(4-aminophenyl)-10,15,20-triphenylporphyrin, [18] 5,10-bis(4-aminophenyl)-15,20-diphenylporphyrin. [18] Then porphyrins were converted to metal complexes and reacted with boron clusters. The spectral properties of the obtained compounds were investigated by UV-vis spectrometry and steady-state fluorescence.
Experimental
All chemicals were obtained commercially and used as received unless otherwise noted. Pyrrole was purified by vacuum distillation; dichloromethane, hexane, acetonitrile, ethyl acetate were dried by standard methods prior to use. Column chromatography was performed on silica gel G 60 (Merck Inc, 40-70 mesh [
2-{1-(5-(4-Phenylamino)-10,15,20-triphenylporphyrin)} ethylydenammoniononahydro-closo-decaborate)](1-) potassium (4).
To the solution of porphyrin 1 (0.16 mmol, 0.100 g) in 10 ml of CH 2 Cl 2 0.80 mmol of K[2-B 10 H 9 (NCCH 3 )] (0.159 g) in CH 3 CN (10 ml) was added, and the mixture was refluxed and stirred for 8 h under nitrogen. The organic solution was evaporated in vacuo and chromatographed on silica gel G60 using gradient system CH 2 
4631). [2-{1-(5,10-bis(4-Phenylamino)-15,20-diphenylporphyrin} ethylydenammoniononahydro-closo-decaborate)](2-) potassium (5).
To the solution of porphyrin 2 (0.15 mmol, 0.100 g) in 10 ml of CH 2 Cl 2 1.56 mmol of (K)[2-B 10 H 9 (NCCH 3 )] (0.312 g) in CH 3 CN (10 ml) was added, and the mixture was refluxed and stirred for 12 h under nitrogen. The organic solution was evaporated in vacuo and chromatographed on silica gel G60 using CH 2 
Results and Discussion
The aim of the work was to synthesize the conjugates of meso-aryl substituted porphyrins and closo-decaborate anion Control of nucleophilic addition reaction and conversion degree was carried out using NMR 11 B spectroscopy. Changes in 11 B NMR spectra of the products are similar to that in NMR spectra in the case of primary aliphatic, aromatic amines [20] and alkoxyporphyrin [16] addition to nitrilium derivatives of closo-decaborate anion. Thus, the signal of the substituted boron atom is in -14.7 ÷ -14.8 ppm area, signal of apical peaks appears at 3.1 ÷ 3.0 ppm (B 10 ) and -4.0 ÷ -4.1 ppm (В 1 ). The target conjugates were purified by column chromatography using silica gel and CH 3 CN:CH 2 Cl 2 mixture (1:1) as an eluent. All the compounds were obtained in high yields. The structures of 4, 5, 6 were confirmed by TLC, UV-vis and 1 H, 13 C, 11 B NMR spectroscopy, mass-spectrometry. To confirm the conjugates structure the 1 H, 13 C NMR spectra were recorded using heteronuclear correlation methods Cross peaks at 10.63/123.6 ppm were observed in HMBC spectra. These peaks belong to NH hydrogen atom and carbon atom of aniline cycle. Consequently, NH is a part of aniline moiety, and CH hydrogen is referred to the second and sixth position of the ring. Further, the value of chemical shifts was identified by excluding the set of 1 H and 13 C atoms in the third and fifth positions. The corresponding crosspeak in HSQS is at 7.6/123.6 ppm (Figure 2 ). Also HMBC spectrum gives information about quarternary carbon atoms. Substituted carbon atoms of phenyl ring give cross peaks with hydrogen atoms in third and fifth positions at 7.76/142.1 ppm, C1 An atom was found at 8.26/136.2 ppm similarly. Carbon atoms of meso-positions interact through 3 chemical bonds with hydrogen atoms which are in o-position of the corresponding rings, as evidenced by the presence of crosspeaks at 8.26/118.4 ppm and 8.21/120.6 ppm. The rest signal that doesn't have cross-peaks in the HMBC is at 141.5 ppm and belongs to C4 An . The signal of α-carbon atoms of the pyrrole rings is shown in the spectrum as a broad line with the apex at 146.2 ppm [21] (Figure 3) .
Study of Spectral Properties
The spectral properties of porphyrins 1, 2, their corresponding conjugates 4, 5 and metal complexes 4a-c, 5a-c were observed via electronic absorbance spectra and steady-state fluorescence. All spectra of the synthesized compounds are shown in Table 1 . UV-vis spectra of 4 and 5 of the same concentration (C=5·10 -6 M) don't differ, the Soret band of 4 is observed at 419 nm, and of 5 -at 418 nm. But luminescence spectrum of 5 is shifted by 7 nm in blue region comparing with that of 4 (λ ex =420 nm) (Figure 4 ). Luminescence intensity of 5 is increased compared with meso-Arylporphyrin -closo-Decaborate Anion Conjugates that of conjugate 4. It can be explained by the introducing of additional boron anion in 5. UV-vis spectra of conjugate 4 and its zinc 4a and copper 4c complexes are shown in Figure 5 . Comparing to the free base conjugate 4 and copper complex 4c some peculiarities were observed in the zinc 4a spectrum. There is a red shift of Soret band (8 nm) in 4a compound ( Figure 5 ). We assumed that in zinc complexes 4a it can be attributed to the dimer formation via self-complementary coordination. [22] Probably, zinc cation can be coordinated by amidine group of closo-decaborate fragment. The same feature was observed for conjugate 5 and its zinc complex 5a (Figure 6 ), the red shift was 5 nm. Such feature didn't reveal for copper and cobalt complexes. In the complexes 4b,c and 5b,c the Soret bands were blue shifted by 6-8 nm. In fluorescence spectra of 4a and 5a high luminescence was shown (84 % and 87 % relatively free bases 4 and 5, respectively) at the same concentration (C=5·10 -6 M), while luminescence of cobalt complexes was of 10 % relatively free base conjugates, and in the copper complexes it almost didn't observe (less than 1 %) (Figure 7 ). 
meso-Arylporphyrin -closo-Decaborate Anion Conjugates
In future the spectral and electrochemical investigations will be continued.
Conclusions
In summary, we have synthesized new mesoarylporphyrin -closo-decaborate conjugates by nucleophilic addition reacton with high yields. We worked out the procedures for preparation and isolation of conjugates for chemical design of donor-acceptor supramolecular assemblies. The structures of the obtained compounds were confirmed by UV-vis and 1 H, 13 C, 11 B NMR spectroscopy, ESI-MS mass-spectrometry. Revealed spectral properties need to be studied in future.
